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1 , 2 ,
, , , 1,2,3,4 . , 3,4
, , ,
$z=h_{2}+\eta(x, y, t),$ ( $(x, y,t),$ $-h_{1}$ . , , ,
‘*\acute [5’ . , $u=\nabla\phi,$ $f(t)=\nabla\Omega(t)$
\phi , \Omega , , ,
\mbox{\boldmath $\rho$},p, T lf‘, ,




$T_{s,i}$ \eta , \mbox{\boldmath $\zeta$} ? X j
, , (2) . ,
$z=h_{2}+\eta$ : $p_{4}-p_{2}= \gamma_{s}(\frac{\partial^{2}\eta}{\partial x^{2}}+\frac{\partial^{2}\eta}{\partial y^{2}})$ ,




$z=h_{2}+\eta$ : $\Omega_{2}=-g(t)(h_{2}+\eta)$ ,
(4)
$z=(:$ $\Omega_{2,1}=-g(t)\zeta$
, , \eta ,\mbox{\boldmath $\zeta$},\phi .
9\Re , .
$z=h_{2}: \Phi_{4}-\Phi_{2}=\gamma_{s}(\frac{\partial^{2}\eta}{\partial x^{2}}+\frac{\partial^{2}\eta}{\partial y^{2}}I-p_{2}[\frac{\partial\phi_{2}}{\partial t}+g(t)(h_{2}+\eta)],$ (5)
$z=0: \Phi_{2}-\Phi_{1}=\gamma_{i}(\frac{\partial^{2}\zeta}{\partial x^{2}}+\frac{\partial^{2}(}{\partial y^{2}}I+\rho_{2}\frac{\partial\phi_{2}}{\partial t}-p_{1}\frac{\partial\phi_{1}}{\partial t}+(\rho_{2}-p_{1})g(t)(, (6)$
$z=h_{2}$ : $0= \frac{\partial\eta}{\partial t}-\frac{\partial\phi_{2}}{\partial z}$ , (7)
$z=0$ : $0= \frac{\partial(}{\partial t}-\frac{\partial\phi_{2}}{\partial z}$, $0= \frac{\partial\zeta}{\partial t}-\frac{\partial\phi_{1}}{\partial z}$ , (8)
$z=-h_{1}$ : $0= \frac{\partial\phi_{1}}{\partial z}$ . (9)
, Benjamin Ursell n \mbox{\boldmath $\nu$} [1] l\leftarrow ^ -) $\vee C$ ,
Helmholtz
$\frac{\partial^{2}S_{k}}{\partial x^{2}}+\frac{\partial^{2}S_{k}}{\partial y^{2}}+k^{2}S_{k}=0$ , (10)
$\eta(x, y, t)$ $=$
$\sum_{k}S_{k}(x, y)p_{k}(t)$ , (11)
$\zeta(x, y, t)$ $=$
$\sum_{k}S_{k}(x, y)q_{k}(t)$ , (12)
$\phi_{1,2}(x, y, z, t)$ $=$ $\sum_{k}S_{k}(x, y)[A_{1k,2k}(t)\cosh kz+B_{1k,2k}(t)\sinh kz]$ (13)
. , (13) , ,
\sim ?vv Laplace 0=\nabla 2\phi .
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, (11) $-(13)$ (5) $-(9)$ , $p_{k},$ $q_{k},A_{1k,2k},B_{1k,2k}$
6 . $A_{1k,2k}$ , $B_{1k,2k}$ ,
$(\begin{array}{ll}t_{2} -\triangle-\triangle t_{l}+t_{2}\end{array})(\begin{array}{l}.\cdot p_{k}.\cdot q_{k}\end{array})+(\begin{array}{ll}g_{s}(t) 00 g_{i}(t)\end{array})(\begin{array}{l}p_{k}q_{k}\end{array})+(\begin{array}{l}T_{sk}T_{ik}\end{array})=0$ , (14)
$t_{1,2} \equiv\frac{p_{1,2}}{k\tanh kh_{1,2}’}$ $\triangle\equiv\frac{\rho_{2}}{k\sinh kh_{2}}$
. normal mode . ,
$g_{s}(t)=\rho_{2}g(t)+k^{2}\gamma_{s}$ , (15)
$g_{i}(t)=(\rho_{1}-\rho_{2})g(t)+k^{2}\gamma$ ; (16)
. , $T,\cdot$ $k$ $T_{sk,ik}$ , .
$T_{s,i}=0$ , $h_{2}$ [E $\rho_{2}$
\triangle \simeq o , (14)




[2]. $\triangle\neq 0$ , $p_{k},$ $q_{k}\propto e^{i\omega t}$ $0$
‘, $\omega^{2}$ 2 ,
. $g(t)$ $T_{s,i}$ , normal mode
.
3
fn- . , \eta , H \mbox{\boldmath $\zeta$} yJ ,
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, T, . , f9B H
$z$ $y$ , ‘\acute \mbox{\boldmath $\mu$} B $=\mu H$
.
‘ , Amp\’ere $0=\nabla\cross H$
\Psi H $=\nabla\Psi$ ,
Laplace $0=\nabla$ . B=\mbox{\boldmath $\mu$}\nabla 2\Psi . $\eta$ , \mbox{\boldmath $\zeta$}
h=\nabla \mbox{\boldmath $\psi$}
\mbox{\boldmath $\psi$} Laplace $0=\mu\nabla^{2}\psi$ .
$B_{0},$ $H_{0}$ $B,$ $H$ ,
$n$ , S .
$z=h_{2}+\eta$ : $\{\begin{array}{l}B_{n2}\simeq B^{n4}\simeq||B_{0z2}+b_{z2}-\eta_{\prime}’B_{0y2}B^{0z4}+b^{z4}-\eta B^{0y4}||H_{s_{}4}\simeq-H_{0y2}-h_{y2}-\eta_{/}’H_{0z2}H_{s2}\simeq-H^{o_{7^{4}}}-h^{y4}-\eta H^{0z4}|||\end{array}$ (19)
$z=\zeta$ : $\{\begin{array}{l}B_{nl}\simeq B^{n2}\simeq||B_{0zl}+b_{zl}-(B_{0y1}B^{0z2}+b^{z2}-\zeta’\prime B^{0y2}||H_{sl}\simeq-H_{0y1}-h-\zeta_{\prime}’H_{0z1}H^{s2}\simeq-H^{0}-h_{y1}^{y2}-(H^{0z2}||f|^{2}\end{array}$ (20)
$z=-h_{1}$ : $\{\begin{array}{l}B_{n3}=B^{n1}=||B_{0z1,||}+b_{z3}B_{0z3}+b^{z1}’H_{s1}=-H_{0y3}-h_{y3}fj_{s}^{|\uparrow|^{1}}s=-H^{0}-h^{y1}’\end{array}$ (21)
$B,$ $H$ 1, 2, 3, 4 , $y$ \eta ’, $(’$
. , $B_{n}$ $H_{s}$
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.
$z=h_{2}+\eta$ : $\{\begin{array}{l}[B]_{s}\equiv B_{0y4}-B_{0y2}[H]_{s}\equiv H_{0z4}-H_{0z2}\end{array}$ (22)
$z=\zeta$ : $\{\begin{array}{l}[B]_{i}\equiv B_{0y2}-B_{0y1}[H]_{i}\equiv H_{0z2}-H_{0z1}\end{array}$ (23)
(24)
-l e;ili‘, (19)-(21) \mbox{\boldmath $\psi$} .
$z=h_{2}+\eta:\{-\eta’[H]^{s}=h_{y4}-h^{z2}=-\frac{\frac{\partial\psi_{2}}{g_{\psi^{z_{2}}}’}}{\partial y}\eta’[B]_{s}=b_{z4}-b_{y2}=\mu_{0}\frac{\partial\psi_{4}}{\frac{g_{\psi^{z_{4}}}}{\partial y}}-\mu_{2}$
(25)$z=\zeta:\{-(l’[H]^{i}=h-h^{zl}([B]_{i}=b_{y^{z}2^{2}}-b_{y1}=\mu_{2}\frac{\partial\psi_{2}}{}-\mu_{1^{\frac{\partial\psi_{1}}{\frac{g_{\psi_{1}^{z}’}}{\partial y}}}}=\frac{ff_{\psi^{z_{2}}}}{\partial y}-$
(26)$z=-h_{1}$ : $\{0=b_{z1}-.b=\mu_{1}\frac{\partial\psi_{l}}{}-\mu_{0^{\frac{\partial\psi_{3}}{}}}0=h_{yl}-h_{y3}^{z3}=\frac{g_{\psi^{z_{1}}}}{\partial y}-\frac{g_{\psi^{z_{3}’}}}{\partial y}$
$arrow$ , (13) ,
$\psi_{1,2,3,4}(x, y, z, t)=\sum_{\kappa}\tilde{S}_{\kappa}(x, y)\psi_{1\kappa,2\kappa,3\kappa,4\kappa}(z, t)$ (27)
$\ovalbox{\tt\small REJECT}$ . $\tilde{S}_{\kappa}(x,y)$ (10) [!D[ P1 ,
$S_{k}(x, y)$ . $\psi_{1,2,3,4}$ Laplace (24)-







$a_{1}=- \frac{1}{f}[\frac{f_{22}(\prime[B]_{i}}{\kappa}-f_{12}([H]_{i}+(\mu_{2}f_{22}-f_{12})e^{\kappa h_{2}}b_{2}]$ ,
$a_{2}=f_{11} \zeta[H]_{i}+(\mu_{2}f_{21}+f_{11})e^{\kappa h_{2}}b_{2}]b_{2}=\frac{-\eta’\frac{1}{f[}B[\frac{f_{21}\zeta’[B]_{i}}{s^{-\mu}\kappa_{0^{\kappa\eta}}}+[H]_{s}}{\kappa(\mu_{2}-\mu_{0})},$
’ (29)
$f_{i_{1}}=\mu_{1}(\mu_{1}\sinh\kappa h_{1}+\mu_{0}\cosh\kappa h_{1})$ ,
$f_{21}=$ $\mu_{1}\cosh\kappa h_{1}+\mu_{0}\sinh\kappa h_{1}$ ,
$f_{12}=\mu_{2}(\mu_{2}\sinh\kappa h_{2}+\mu_{0}\cosh\kappa h_{2})$ ,







(19), (20) \mbox{\boldmath $\psi$} ,
$T_{s,i}\Rightarrow[H]_{s},;b_{z4,2}-[B]_{s,i}h_{y2,1}$
$=[H]_{s,i} \mu_{0,2}(\frac{\partial\psi_{4,2}}{\partial z})_{z=h_{2},0}-[B]_{s,i}(\frac{\partial\psi_{2,1}}{\partial y})_{z=h_{2},0}$
(31)
. \kappa iJ (28) \eta , \mbox{\boldmath $\zeta$} TiL!f,









$g_{HsHs}\equiv(\mu_{2}f_{21}\sinh\kappa h_{2}+f_{11}\cosh\kappa h_{2})\mu_{0}\mu_{2}/f$ ,
$g_{BsBs}\equiv(\mu_{2}f_{21}\cosh\kappa h_{2}+f_{11}\sinh\kappa h_{2})/f$, (33)
$g_{HiHi}\equiv fi_{1}fi_{2}/f$ , $g_{BiB};\equiv f_{21}f_{22}/f$ ,
$gHsHi\equiv\mu 0\mu_{2}fi_{1}/f,$ $gBsBi\equiv\mu_{2}f_{21}/f$ ,
(34)
$gBsHi\equiv\mu_{2}fi_{1}/f$ , $gHsBi\equiv\mu 0\mu_{2}f_{21}/f$ .




$(=q_{k_{y}}$ , $(’=ik_{y}q_{k_{y}},$ $(”=-k_{y}^{2}q_{k_{y}}$




$G_{1,2}$ (33) , $G_{3,4}$ (34)
, . $G_{3,4}$ $h_{2}arrow\infty,\mu_{2}arrow 0$ $0$ ,
.
4
, $\eta$ , (, \phi $S_{k}(x, y)$ \mbox{\boldmath $\psi$} $_{\sim}$
$\tilde{S}_{\kappa}(x, y)$ , k \kappa . ,
\rightarrow $0$
, , ] \gamma \ ,






, $\eta$ , \mbox{\boldmath $\zeta$} , $S_{k}(x, y)$ 9, $(x, y)\sim e^{ik_{y}y}$
1Y, (35) (14) , normal mode
$(\begin{array}{ll}t_{2} -\triangle-\triangle +t_{l}t_{2}\end{array})(\begin{array}{l}.\cdot p_{\kappa}.\cdot q_{\kappa}\end{array})+(\begin{array}{ll}g_{s}(t)+G_{1} G_{3}+ik_{y}G_{4}G_{3}^{t}-ik_{y}G_{4} g_{i}(t)+G_{2}\end{array})(\begin{array}{l}p_{\kappa}q_{\kappa}\end{array})=0$ (36)
. $G_{3}\pm ik_{y}G_{4}$ ,
. \kappa ( \mbox{\boldmath $\tau$} , $\kappa$ $k_{y}$
), normal mode $p_{\kappa}$ \eta \kappa \sim p\kappa $S_{\kappa}+p_{-\kappa}\tilde{S}_{-\kappa}$
, . ,
$p_{-\kappa}=p_{\kappa}$ , q-\kappa =q\kappa , $\eta_{\kappa}\sim(p_{\kappa}+p_{-\kappa})(\tilde{S}_{\kappa}+\tilde{S}_{-\kappa})/2$
. (36) p\kappa +p-\kappa ’ q\kappa +q-\kappa
, $G_{4}$ . , normal
mode , *‘\dashv 1 .
$\frac{\partial}{\partial t}[t_{1}\frac{|\dot{p}_{\kappa}|^{2}}{2}+(t_{1}+t_{2})\frac{|\dot{q}_{\kappa}|^{2}}{2}-\triangle{\rm Re}(\dot{p}_{\kappa}^{*}\dot{q}_{\kappa})$
$+(g_{s}+G_{1}) \frac{1p_{\kappa}\}^{2}}{2}+(g_{i}+G_{2})\frac{|q_{\kappa}|^{2}}{2}+{\rm Re}(G_{3}-ik_{y}G_{4})p_{\kappa}^{*}q_{\kappa}]$ (37)
$=( \dot{g}_{s}+\dot{G}_{1})\frac{|p_{\kappa}|^{2}}{2}+(\dot{g}_{i}+\dot{G}_{2})\frac{|q_{\kappa}|^{2}}{2}+{\rm Re}(\dot{G}_{3}-ik_{y}\dot{G}_{4})p_{\kappa}^{*}q_{\kappa}$.
(36) $p_{k}=0,$ $q_{k}=e^{i\omega t},g(t)=g,\mu_{0}arrow\infty$ ,
$\omega^{2}\rho_{2}\coth kh_{2}+\omega^{2}p_{1}\coth kh_{1}$
$=gk(\rho_{1}-\rho_{2})+k^{3}\gamma_{i}$ (38)
$-[ \frac{k^{2}\mu_{1}\mu_{2}(H_{0z2}-H_{0z1})^{2}}{\mu_{1}\tanh kh_{2}+\mu_{2}\tanh kh_{1}}-\frac{k_{y}^{2}H_{y}^{2}(\mu_{2}-\mu_{1})^{2}}{\mu_{1}\coth kh_{1}+\mu_{2}\coth kh_{2}}]$
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, ‘B $\approx\sigma_{\overline{\mathscr{J}}_{iFE^{j}}}$
[3] , $0$ .
,
$(a)\mu_{1}arrow\mu_{2}$ $p,$ $T_{s}$ ,
$(b)h_{2}arrow\infty$ $q,$ $T_{i}$ ,
2 , .
$G_{3,4}arrow 0$ ’) , (a) $(b)\not\subset B[\backslash ^{\backslash }\mu_{0}rightarrow\mu_{2},\mu_{2}rightarrow\mu_{1},h_{1}+h_{2}rightarrow h_{1}$
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